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INTRODUCTION

1.1 Background
The U.S. Environmental Protection Agency (EPA) has defined the term “brownfield site”
as “real property, the expansion, redevelopment, or reuse of which may be complicated by the
presence or potential presence of a hazardous substance, pollutant, or contaminant.” According to
EPA, a brownfield site can be abandoned, idled, or under-used property where redevelopment is
complicated by real or perceived environmental contamination that can add time, cost or
uncertainty to a redevelopment (EPA, 2011). Brownfields are typically located on historical,
industrial or commercial properties where chemicals were spilled or released directly and
repeatedly on the site in various concentrations and amounts. The area of brownfields may vary
from less than one acre to over several hundred acres of land depending on the past activities. For
example, a brownfield can be a small abandoned gas station or a large industrial manufacturing
operation.
Brownfields are more often considered as an opposite of a “greenfield”, a property that has
not been previously used for any commercial or industrial activities and is considered to be free
from any form of contamination. The potential brownfield hazards that are considered by EPA are
hazardous wastes, tanks, above and underground storage tanks, leaking underground storage tanks
(LUST), asbestos, lead, pesticides, herbicides and radon. Underground storage tanks in gas stations
can have leakage due to overfills and spills which can ultimately contaminate the soil and
groundwater.

A brownfield is not a new idea; rather it is the implementation of programs and advanced
techniques for the management or the sites without posing any risk to public health and
1

environmental safety. The EPA estimates that there are over 450,000 brownfield sites across the
U.S among which most of them are located in otherwise desirable and accessible locations. In
Minnesota, the Minnesota Pollution Control Agency (MPCA), U.S. EPA and the Minnesota
Department of Employment and Economic Development (MNDEED) are involved in various
efforts to assess and clean up brownfield sites (Minnesota Brownfields, 2004). The MPCA reports
that between 1995 and 2010, over 6000 sites were enrolled in state cleanup programs, of those
over 4000 were cleaned up and redeveloped, revitalizing over 32,000 acres of land in Minnesota
(Minnesota Brownfields, 2011). The consideration of brownfields and their redevelopment are
very important issues due to their potential for aiding inner city regeneration and providing
alternatives to urban sprawl (Hayek et al., 2010).
The federal and state based regulatory sources can provide the required information about
the hazardous sites. The Minneapolis Department of “Community Planning and Economic
Development (CPED) Brownfields Program” is involved in remediating contaminated sites for
redevelopment. For the local, federal and state assistance programs, the information based on
location, area and land use type of all the potential brownfield sites may result in effective
investment for future redevelopment.
The study area for analyzing the brownfield sites is greater Minneapolis which lies within
Twin Cities Metropolitan Area (TCMA) and is bigger than St. Paul. The City of Minneapolis is
situated in Hennepin County and lies on both banks of Mississippi River. Minneapolis is
historically a highly industrialized city and is the larger of the twin cities. The history of rapid
settlement and urban growth in Minneapolis shows that the city prospered from trade,
transportation, milling, development of extended railways, promotion of immigration and
settlement mostly in 1800’s, as a result the population of the Twin Cities increased from 13,000 to
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300,000 between 1860 and 1890 (Adams and VanDrasek,1993). With the technological
advancement and the development of new industrializing ideas, the city has ever growing and
developing since the early period.

Figure 1.1 Map of Minneapolis communities and neighborhoods (Adams and VanDrasek, 1993).
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Presence of Brownfields have many negative ramifications on a local area including loss
of economic productivity, decline in local acreage value and potential hazard to human health. In
addition, study of these brownfields and redevelopment can aid in providing alternatives to urban
sprawl and inner-city regeneration. Therefore, it is important to identify brownfield sites and their
characteristics for the betterment of local communities around brownfield sites and the city.

1.2 Objectives
The objectives of this study are to map the brownfield sites in Minneapolis based on the
information provided by the regulatory sources and to categorize and analyze all the sites on the
basis of location, area coverage and land use type using GIS tools. Despite the efforts on
redeveloping brownfields, MPCA claims that over 10,000 known contaminated or potentially
contaminated sites remain across Minnesota and thousands more are likely to exist but have not
yet been identified and recorded. Not all communities have identified the brownfields in their areas
and relatively little research has systematically described efficient and effective ways to identify
these sites. The MPCA has the web application called “what’s in my neighborhood” which has
spatial data for hazardous sites in Minnesota. It was last updated in 2009 and the databases do not
have locational data for all of the sites. In the metadata section, several categories of attributes
were recorded for hazardous sites from multiple sources, the accuracy of the location and
information of the site has never been verified. Several studies and analyses performed in
Minneapolis were mainly based on redevelopment of individual sites. However, there is a need for
an

updated

and

more

accurate

database

of

brownfield

sites

in

this

area.

The U.S EPA estimated that approximately one-half of brownfield sites in the U.S. are
impacted by petroleum (EPA, 2014). Most likely, petroleum discharge was from leaking
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underground storage tanks at old gas stations, which has potential to threaten human health and
the environment. So, there is possibility of the presence of more petroleum brownfield sites than
non-petroleum in Minneapolis contaminating larger areas. Brownfield sites covering larger acres
of land could have more concentrated contamination and be more expensive for clean-up so
redevelopment is mostly occurring in small acreage brownfield sites. There could also be
significant correlations of brownfields to socio-economic characteristics (persons below poverty
levels, median household income, white population, non-white population, and projected
population growth rate to year 2020). Among different categories of land use type, the presence of
brownfields in current industrial sites is more than any other land use type. Due to the possible
brownfields in the inner-core city, there is a possibility of urban growth towards the periphery of
the city.

1.3 Hypotheses
The study tries to answer the following questions:
- Is there any significant correlation between brownfield sites and the socio-economic
characteristics including median household income, persons living in poverty and total population
in each census tract?
- Are there more petroleum brownfields than non-petroleum in the city of Minneapolis?
- What is the spatial pattern of potentially contaminated brownfield sites? (Near highways, railway
lines, industrial area etc.)
- What is the accuracy of the data obtained from the regulatory sources?

5

1.4 Potential Hazards
The different types of potential hazards can result in the site being considered as a
brownfield. Hennepin County has major industrial and commercial sectors in the state, so there is
a high possibility of chemical hazards such as asbestos, lead, radon, and other metals that can be
contaminating the site from past use and maybe still producing contamination. For example, the
possible brownfield hazard activity could be the runoff or spill of hazardous toxic waste from dry
cleaners. These contaminants could be released to the soil in their solid and liquid phase and can
be highly mobile and hence transported to neighboring land. Also they could reach to the ground
water under the force of gravity and produce contamination (Yong et al., 1992). Lead and asbestos
were commonly found hazardous substances in residential area. Asbestos was commonly used
material in buildings, which use was first restricted in the 1970s (EAA, 2007). Lead was commonly
found in wall paints used in exterior and interior of residential surface (EAA, 2007). The common
hazardous substance found in the residential areas are mostly asbestos and lead.

1.5 Agencies in Minnesota Contributing toward Brownfield Investigation
The Minnesota Department of Employment and Economic Development (MNDEED) is
the principal economic development agency which facilitates economic environment that produces
jobs which supports economic success of Minnesota individuals, businesses, communities, and
economic development professionals. DEED has a division called the Business and Community
Development (BCD) which assists in capacity building, infrastructure financing, and brownfield
redevelopment. This division offers brownfield site cleanup and redevelopment funding in order
to reclaim and redevelop contaminated properties (Minnesota Department of Employment and
Economic Development et al., 2014).
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The Minnesota Pollution Control Agency (MPCA) monitors environmental quality, offers
technical and financial assistance to find and clean-up sites that can affect the human health and
the environment. The MPCA offers technical and financial assistance to parties involved with
brownfield sites.
The Minnesota Brownfields is a non-profit organization established to support and enhance
brownfield reuse and redevelopment in collaboration with the private and public brownfields
redevelopment community, regulatory agencies, environmental consulting and law firms
(MNDEED et al., 2014).

1.6 Geographical Information Science (GIS) Techniques
GIS technology provides a visual tool for spatial analysis of complex situations, including
environmental hazards like brownfields, and it is growing as a preferred tool in making
development decisions and is widely accepted worldwide. It provides a platform from which
communities can build a comprehensive inventory which can aid with development. GIS databases
can also be powerful economic development planning tools for estimating the spatial implications
of development decisions (Drummond, 1995). Federal, state and local government agencies are
quickly starting to rely on GIS to manage everything from infrastructure needs to welfare reform
(U.S. EPA, 1995). In the context of environmental issues, many EPA brownfield researchers are
using EPA funding to develop systems for tracking brownfield redevelopment progress (U.S. EPA,
1995). The GIS database can be built independently with relatively few resources and it can be
modified and analyzed in terms of changes that occur (Leigh and Coffin, 2000).
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GIS based techniques have been found to be widely accepted and used by different
communities as a management, decision-making and outreach tool to turn abandoned brownfield
lands into productive lands by redevelopment (Hossain, 2009). The GIS technique of locating and
developing an inventory of brownfields helps to revitalize the site for usage like potential
businesses, and other uses. The inventory of brownfields may be based upon location, zoning, area
and other environmental factors. The following figure shows the interactive GIS based map
showing the potential of redevelopment of brownfields studied in South Bend, Indiana.

Figure 1.2 GIS based analysis to determine parcels with potential redevelopment scores in South
Bend Indiana (ESRI, 2011)
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The GIS based study performed in the city of Milwaukee resulted in great economic
outcomes as a result of redevelopment (De Sousa, 2008). The figure shows the brownfield sites
recorded within the residential area of city of Milwaukee, Wisconsin.

Figure 1.3 City of Milwaukee, WI Residential Brownfields (De Sousa, 2008)
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In one of the studies performed in the City of Atlanta, GIS based research was used to study
the location pattern of potentially contaminated brownfield sites in relationship to Atlanta’s
nonwhite neighborhoods and concentrations of poverty (Leigh and Coffin, 2010).

Figure 1.4 Known contamination versus potential contamination in the city of Atlanta, GA (Leigh
and Coffin, 2010).
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2. BROWNFIELDS AND RELATED LAWS

There are number of laws that relate to toxic waste management and clean-up. The
contaminated site can be classified as a “Superfund” site if the polluter is unknown or the property
owner declares economic hardship; in this case clean-up is performed by state or federal funds
(EPA, 2012).
2.1 The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
The CERCLA Act of 1980, is associated with land contamination and established that the
purchaser of any real property is liable for any contaminants on the property. Therefore, the actual
presence of contaminants on the property must be determined by planned investigation known as
Environmental Site Assessment (ESA), prior to the purchase and is performed by the
environmental professionals who perform ESA work who holds a professional engineer or
professional geologist license, or other state, federal, or tribal certification or environmental
professional license and has relevant full time experience. The CERCLA act created a tax on the
chemical and petroleum industries that created the “Superfund” money set aside for funding the
nation’s most costly contaminated sites and provided broad federal authority to respond directly
to releases or threatened releases of hazardous substances that may endanger public health or the
environment (EPA, 2011). The Superfund Amendments and Reauthorization Act (1986) created
due diligence requirement and created the need for Environmental Site Assessment Phase 1.
One of the first steps of the environmental site assessment is to review existing records and
historical site information to create a baseline of information concerning the potential issues. The
phase I site assessment performed by an environmental professional typically identifies the
following (EPA, 2001):
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i.

Potential contaminants that remain in and around a site;

ii.

Likely pathways that the contaminants may move; and

iii.

Potential risks to the environment and human health that exist along the migration
pathways.

Due diligence relates to:
i.

Potential legal and regulatory requirements and risks.

ii.

Preliminary cost estimates for property purchase, engineering, taxation and risk
management; and

iii.

Market viability of the redevelopment project.

The purpose of the due diligence process is to determine the financial viability and extent of
legal risk related to a particular brownfields project. Phase I Site Assessment has four major
components as site reconnaissance and mapping, interviews, archival review, and database review.
The key requirements of All Appropriate Inquiry (AAI) include:
-

Visual inspections of the facility and of adjoining properties.

-

Interviews with present and past land owners, operators, and occupants.

-

Reviews of historical sources of information.

-

Reviews of federal, state, tribal, and local government records.

-

Reviews of activity and use limitations.

(EPA, 2014)
Similarly Phase II ESA is performed for more in-depth site assessment which includes
sampling and testing of site material to identify contaminants and their concentrations in the
specific area which needs to be cleaned up. The evaluation of the different options to clean up is
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done after phase II as well as to estimate the cost for cleanup and future development and usage
(EPA, 2009).

2.2 The Small Business Liability Relief and Brownfields Revitalization Act
The EPA also created the Small Business Liability Relief and Revitalization Act also called
“Brownfields law” signed by President G.W. Bush in 2002. This law amended CERCLA by
providing funds to assess and clean up Brownfields and clarified liability provisions for certain
landowners and potential property owners. The brownfields amendments also provides liability
protection for certain property owners, if the property owners comply with specific provisions
outlined in the statute, including conducting all appropriate inquiries into present and past uses of
the property and the potential presence of environmental contamination on the property. “The
Brownfields Amendments apply to Section 101(35) (B) of CERCLA and require EPA to
promulgate regulations that establish federal standards and practices for conducting all appropriate
inquiries” (U.S EPA, 2002).

2.3 Resource Conservation and Recovery Act (RCRA)
The RCRA passed in 1976 gives EPA the authority to the generation, transportation,
treatment, storage and disposal of hazardous waste. RCRA also set forth a framework for the
management of non-hazardous wastes. The 1986 amendments to RCRA enabled the EPA to
address environmental problems that could result from underground tanks storing petroleum and
other hazardous substances. RCRA focuses only on active and future facilities and does not address
abandoned or historical sites (EPA, 2011).
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2.4 Community Reinvestment Act (CRA)
CRA was enacted by Congress in 1977 to require banks, thrifts, and other lenders to make
capital available in low and moderate income urban neighborhoods and to boost the nation’s efforts
to stabilize these declining areas. With this law, rather than reusing former urban industrial sites,
businesses instead moved to suburban or rural Greenfields which has fewer risks to development.
Later, the Brownfields Action Agenda was announced in response to the widespread economic
development obstacles posted by urban brownfields which encouraged a cooperative approach by
the EPA, lenders, and prospective purchaser to ease fears of financial liability and regulatory
burdens which helps in economic revitalization and development (EPA, 2011).
To protect the quality of the contaminated land and to avoid any further contamination, the
EPA issued the Economic Redevelopment Initiative in 1997 (EPA, 2009). “This initiative is
designed to empower states, communities, and other stakeholders in economic redevelopment to
work together in a timely manner to prevent assess, clean up and reuse of Brownfields”. (2) The
EPA initiated fund assessment demonstration pilot programs to accomplish this task. As a part of
this program, job training pilot programs were developed in order to provide training for residents
of communities affected by brownfields and to prepare them for future employment in this field.
“These pilot programs are intended to provide the EPA, states, tribes, municipalities, and the
communities with useful information and strategies as they continue to seek new methods to
promote a unified approach to site assessment, environmental cleanup and redevelopment (EPA,
2009).
2.5 Brownfield Redevelopment
The initiation of brownfield redevelopment programs has reaped significant rewards
despite of the challenges like strict liability standards and cost-prohibitive cleanup. A study done
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by EPA suggests that redeveloped brownfields can reduce pollutants, minimize daily vehicle miles
travelled, decrease storm water runoff and accommodate more residential and businesses per
square mile area of land (EPA, 2011).
For the regulation of Brownfields redevelopment in Minnesota, the state programs has been
introduced which offer technical assistance and liability assurance to parties voluntarily addressing
contamination or risk of contamination at brownfield sites. The programs include MPCA
Voluntary Investigation Cleanup (VIC) program, the MPCA petroleum Brownfields program, and
the Minnesota Department of Agriculture Voluntary Investigation and Cleanup (AgVIC) Program
(MN Brownfields et al., 2014). According to the resource guide for Minnesota Brownfields
prepared in partnership by MNDEED, MPCA and MN Brownfields, the following criteria are to
be considered for the site to be eligible for a cleanup:
-

If the contaminated site adversely affects public health or the environment, it must be
remediated.

-

The cleanup plan must result in minimizing or elimination of associated risk to public
health or the environment consistent with the risk-based standards.

-

The cleanup goals stated in the Response Action Plan (RAP) must take into account the
current and future site use as determined by local authorities and private land owners.

The loans that may be available for brownfields redevelopment are as follows:
-

Hennepin County Brownfields Cleanup

-

Revolving Loan Fund

-

Minnesota Cleanup Revolving Loan Fund

-

Small Business Environmental Improvement Loan
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These above mentioned programs provide low interest loans to public entities,
private for-profit organizations and non-profit organizations to help pay for the
investigation and cleanup costs of sites contaminated by hazardous substances, pollutants,
contaminants, and/or petroleum to facilitate in the conversion of contaminated property
into a marketable asset (MNDEED et al., 2014). In order to support cleanup, development
and the restoration of sites, other grant programs, reimbursement, tax assistance, technical
assistance and cleanup oversight programs are conducted.
The examples of case studies of brownfields redevelopment are shown in the figures
below:
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Figure 2.1 Case study of Brownfield redevelopment in Brooklyn Center, MN (MNDEED et al.,
2014)
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Figure 2.2 Case study of Brownfield redevelopment in Fairmont, MN (MNDEED et al., 2014)
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3. STUDY AREA

The study area for analyzing brownfield sites is the city of Minneapolis which lies within
Twin Cities Metropolitan Area (TCMA) and is the bigger half of the twin cities. The City of
Minneapolis is situated in Hennepin County and lies on both banks of Mississippi river.
Minneapolis is historically a highly industrialized big city. It covers an area of 58.4 sq. miles. It
is one of the large metropolitan area in the United States with 400,070 residents (U.S. Census
Bureau, 2013). The Minneapolis–St. Paul metropolitan area is the fifteenth largest metropolitan
statistical area (MSA) in the U.S. Minneapolis is the most populated urban city among the cities
in the core seven counties area (Anoka, Carver, Dakota, Hennepin, Ramsey, Scott and
Washington) which combined are called TCMA. The U.S. EPA has reported that from 1974 to
2000 the population of the seven-county TCMA increased by 38% while the urban land area
increased by 59% (EPA, 2003).
The EPA has ten different regions and each has regional office coordinates and programs
within their respective regions, and Minnesota lies in region 5 along with Illinois, Indiana,
Michigan, Ohio and Wisconsin. Minneapolis contains a diversity of human activities concentrated
in inner urban core with an agglomeration of dense urban land uses and rural land areas around
the periphery of the TCMA (Yuan et al., 2005).
Twin City’s population growth has been accompanied by a steady expansion in the local
housing from the time of initial settlement until today. The evolution of neighborhoods in
Minneapolis started when early street car routes became major corridors of commercial and some
light industrial land uses (Adams and VanDrasek, 1993). There were smaller concentrations of
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commercial activities at intersections of major transportation routes which gradually expanded
over the course of time. The rail lines were established near the areas of industry. The sites near
river were industrialized above and below Central Business District (CBD). The streams and
wetlands were used as the disposal sites south-west of the CBD. Physical characteristics of the
Minneapolis area highly influenced development of urban areas where most of the brownfield sites
are present today.

20

Figure 3.1 Map of City of Minneapolis (COM, 2006)
21

Figure 3.2 ArcMap showing potential brownfield sites in Minneapolis
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Figure 3.3 City of Minneapolis, MN Demographic Profile (US Census Bureau, 2015)
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4. GIS DATA COLLECTION

The objective of this research is to integrate a variety of GIS based analyses to locate,
classify and manage the current status of brownfield sites in Minneapolis, MN. The potential
brownfield sites in the study area are located, mapped and assessed using GIS. The database
incorporates known sites of contamination along with potential sites of contamination, based on
recorded past land uses. The comprehensive GIS database was used to analyze the data collected
for brownfields in the study area. All of the data obtained is recorded in Excel spreadsheets which
are readable by ArcMap as .csv files and shapefiles of all the located sites were created and
analyzed using GIS.

The following flowchart briefly describes the steps of data preprocessing and collection.
Identifying the Study Area

↓
Identifying the Regulatory Sources

↓
Identifying the Location of Brownfield Sites Using Regulatory Sources

↓
Data Collection to build Inventory Database

↓
Collecting Informational Data of Each Site Using City and County Property Search

↓
Collecting Census Data and Socio-economic Data

↓
Creating Comprehensive Database to Locate and Analyze Brownfield Sites
Figure 4.1 Flowchart showing steps for data preprocessing
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4.1 Identifying Brownfield Sites using Regulatory Sources
The Federal EPA database contains a tool called “EnviroMapper” where the data for the
brownfield sites in the study area were collected. This database contains locational addresses of
the Brownfields, which were collected and stored in Excel files. The MN State MPCA database
has a web application called “What’s In My Neighborhood” which enables users to find the
information for hazardous wastes and brownfield sites. MPCA also has spatial data containing
various attributes for activities like petroleum brownfields, voluntary investigation & cleanup
(VIC) and leak sites which can be used in generating a database. The County database of hazardous
waste generator from the Hennepin County official website http://www.hennepin.us/yourgovernment/open-government/gis-open-data can also be used. Then the attribute fields for
regulatory source can be added for each site in ArcMap.
The following regulatory sources were utilized to extract the potential Brownfield Sites:
1. Using MPCA database, “What’s In My Neighborhood”: Petroleum Brownfields,
CERCLIS site, Hazardous Waste Large Quantity Generators (LQG), Open Landfills,
Closed Landfills, Leak Sites, RCRA Cleanups, and Active Voluntary Investigating &
Cleanup (VIC).
2. Using EPA database, EnviroMapper: recorded Brownfield sites within the study area with
latitude/ longitude.
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Figure 4.2 MPCA database of inventory sites, What’s In My Neighborhood
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Figure 4.3 EPA database, EnviroMapper
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4.2 Address and Property Search Information
Locational addresses and the type of land parcels were searched and recorded from the city
directory and either of the two databases: Hennepin County Property Tax web database or Property
Info from the official website of the City of Minneapolis. The City of Minneapolis online database
provides information of each property per tax parcel ID, area of the parcel, land use type, previous
land use, business name, vacancy of the property etc. The information obtained is recorded in excel
files and later joined to the ArcMap shapefile. In ArcGIS shapefiles, the land use type data is
categorized as commercial, industrial, residential, institutional, parks and open space, transitional
land etc. and is done with reference to the data found from property tax information. The land use
type can be further divided on the basis of an area as follows:
Table 4.1. Categorization of brownfields on the basis of area

a.
b.
c.
d.
e.

Area
Acreage ≤ 0.5
0.5 < Acreage ≤ 2.0
2.0 < Acreage ≤ 4.0
4.0 < Acreage ≤ 5.0
Acreage > 5.0

The purpose of this area categorization is to study the brownfield sites and their locations
and land use types according to the area. The data of brownfields on the basis of size will be easily
accessible for the potential investors who will invest in the cleanup and redevelopment. After,
categorization of the brownfield sites according to the area, the vacancy status of the property can
be searched using property tax information and can be added as another new field in ArcMap. As
brownfield sites can be abandoned there may be numerous sites which can be previously developed
but completely vacant at present.
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Figure 4.4 City of Minneapolis property information search website
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Figure 4.5 Hennepin County property information search website
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The following table shows different fields of data that were created and added for each
potential Brownfield site.

Table 4.2. Table of fields extracted from MPCA database
Field
1. Business Name
2. Street Address
3. Area in Acreage
4. Landuse Type
5. Status

From different regulatory sources used in the study, a total of 258 potential Brownfield
sites were recorded within the study area. In order to verify the current status and business in the
property, random property search for the sites were performed using City of Minneapolis property
information search database and Hennepin County property information search online database.
The GIS shapefiles used were street files, county boundary, city boundary from the Minnesota
Geospatial Gateway. The hydrography data was downloaded from the National Hydrography
Dataset (NHD) which contains high resolution hydrographic data of Minnesota (NHD, 2015). The
socio-economic data were collected from the census website (Census Bureau). For the overlay of
railroads, the Minnesota Rail Lines data was downloaded from the Minnesota Department of
Transportation website (MNDOT, 2007).
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4.3 Socio-Economic Data
The socio-economic variables data were downloaded from the U.S Census Bureau
(www.census.gov). U.S Census Topologically Integrated Geographically Enhanced Reference
(TIGER) files were used for the census tract data and other socio-economic variables primarily
because they are the standard reference database used with ArcGIS software packages. The
variables include socio-economic factors such as persons living in poverty, median household
income and total number of population in each census tract. The potential relationship between
characteristics of brownfield sites with the socio-economic variables is examined using Pearson’s
correlation. The hypothesis for the correlation is that census tract with more number of brownfields
will have more persons living in poverty, and less median household income. The result generated
from the Pearson’s correlation was used to analyze the presence of brownfields in that community.
This statistic is helpful to understand the trend of brownfields, the demographics and their socioeconomic status, from which it can be related to know the future estimation of where it can grow
so that redevelopment initiation can be applied by respective sources. The socio- economic
variables used were total population in the year 2010, poverty estimated in the year 2013 and
median income in the year 2013 which were downloaded from the US Census data record.
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5. ANALYSIS OF BROWNFIELD SITES DATA
The data of the potential brownfields in the study area collected from all the sources were
stored in a new geodatabase in order to locate, map and assess all the sites using GIS. The data
was recorded in an MS Excel file which is readable by ArcMap as a .csv file was then joined in
ArcMap using the “joins and relate” function. All of the recorded brownfield sites were then
analyzed using GIS. The following figure shows the steps performed for the spatial analysis in
GIS.
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Preprocessing of the potential Brownfields data into newly created GIS database

↓
Using Address Geocoding Technique for the sites which are previously not recorded in GIS
database of any regulatory sources

↓
Performing spatial analysis on Brownfield sites shapefile

↓

↓

Spatial analysis based on different
regulatory sources

Categorization of sites based on
land use type

↓
Categorization of sites based on
Area coverage (acreage) of each
sites

↓
Categorization of sites based on
vacancy

Creating GIS shapefiles based on
all the above categorization

Figure 5.1 Flowchart showing steps for geospatial analysis

34

Using the information gathered from the above sources, a new ArcGIS shapefile was
created which included databases of following attributes for locating each brownfield site.
- Site selection according to regulatory source
- Site selection according to area and status
- Site selection according to land use type

In order to locate potential brownfield sites in ArcMap as a point feature, the address
geocoding technique was applied. Geocoding is a tool for creating map features from addresses of
Brownfield locations. In the address locator, the street number, name, direction, type obtained from
address and property search was used and brownfield sites were geocoded with their assigned
geographic coordinates as point features. The geocoded addresses with scores less than 80 were
rematched using an option called “match interactively”. As less than 80 are not very efficient, the
score of more than 80 is recorded. Unmatched addresses were checked for any possible errors and
corrected to get address matching in the database. When all the proposed attribute fields are added,
a final map was produced in ArcMap.

5.1 Site Selection on the Basis of Regulatory Sources
The objective of this study was to create a brownfield database for the City of Minneapolis
from information obtained from the state and federal inventory sites. The brownfield database for
the study was created from the contaminated sites that were listed in different regulatory sources.
Different layers were created for each different contaminated activity. For example, to select the
sites for “Petroleum Brownfields”, from the “Activity” = petroleum brownfields, was chosen to
select all the petroleum brownfield sites. Figure 5.2 shows the highlighted sited that were the
petroleum brownfield sites.
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Table 5.1. Number of brownfields according to regulatory sources
Regulatory Sources

Number of Sites

Percentage

CERCLIS sites

9

3.54

Hazardous waste LQG

11

4.33

Petroleum brownfields

96

37.79

Leak site

44

17.32

VIC active

85

33.46

RCRA Clean-up

2

0.78

Landfill

7

2.75
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Figure 5.2 ArcMap showing petroleum brownfields from the MPCA database

37

By selecting attributes, from the database of MPCA sites, the layers from regulatory
sources were created which include CERCLIS site, Hazardous waste LQG, Landfill closed,
Landfill open, Leak site, Petroleum brownfields, RCRA cleanup, VIC cleanup (active sites) and
brownfields provided by EPA EnviroMapper.

Figure 5.3 ArcMap showing Leak sites from MPCA database
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Figure 5.4 ArcMap showing VIC clean-up sites from MPCA database
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Figure 5.5 ArcMap showing Hazardous waste LQG from MPCA database
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Figure 5.6 ArcMap showing open landfills from MPCA database
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Figure 5.7 ArcMap showing Landfill closed from MPCA database
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Figure 5.8 ArcMap showing RCRA cleanup from MPCA database
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Figure 5.9 ArcMap showing CERCLIS sites from MPCA database

All the above maps suggested that most of the potential brownfield sites were concentrated
in proximity to the river and railroads. The reason behind the sites being in those proximity are
possibly establishment of industries near water and railroads or major highways as they were easily
accessible for import and exports.
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5.2 Site Selection on the Basis of Area
The size of brownfields can cover a few acres to several square miles of land. The nature
and concentration of contamination can account for the size of a brownfield site. For the investors
who want to contribute to the development of the brownfield site, the size or the acreage of the
contamination is significant. In order to classify each brownfields site on the basis of land
coverage, the area in square miles of each site was first recorded from city of Minneapolis Property
search information database and then was converted to acres as it is more convenient to categorize
in five categories. All the brownfield sites were divided into five groups as: acreage less than or
equal to 0.5, greater than 0.5 and less than 2.0, greater than 2.0 and less than 4.0, greater than 4.0
and less than 5.0, and greater than 5.0.
First of all, using the merge tool in Data Management, all the different layers of inventories
of sites were merged as a single layer. Then the “select by attributes” were chosen to classify all
of the potential sites according to the acreage.
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Figure 5.10 ArcMap showing Brownfield sites categorized according to the five different acreage
range in the city of Minneapolis
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Table 5.2. Number of Potential Brownfield Sites in the Study Area on the Basis of Area
Area
Acreage ≤ 0.5

0.5 < Acreage ≤ 2.0

2.0 < Acreage ≤ 4.0

4.0 < Acreage ≤ 5.0

Acreage > 5.0

Status
Active

124

Inactive

56

Active

24

Inactive

19

Active

12

Inactive

6

Active

1

Inactive

0

Active

9

Inactive

3

Total

Percentage
(%)

180

70.86

43

16.93

18

7.086

1

0.39

12

4.73

5.3 Site Selection on the Basis of Land Use Type
Brownfields can be underdeveloped or underused industrial or commercial sites that have
been abandoned by their original occupants because of real or suspected contamination. All the
potential brownfield sites collected from different regulatory sources have known or suspected
contamination in the property. The sites which have past or present industrial or commercial
chemical activities may pose serious risk to the health and the environment. Therefore, all the sites
were further classified according to the land use type. For each potential site, the property
information search was done in city and county databases to record the land use type. The
classification according to the area shows that most brownfield sites (87.79%) are very small which
covers less than 2 acres of land.
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Figure 5.11 ArcMap showing land use classification of brownfield sites in Minneapolis
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Table 5.3. Total Number of Potential Brownfield Sites on the Basis of Land Use Type
Land Use Type

No. of Sites

Percentage (%)

1

Commercial Business offices

23

9.05

2

Industrial

25

9.84

3

Institutional

17

6.69

4

Retail

18

7.09

5

Residential

59

23.23

6

Restaurants

6

2.36

7

Sports and recreational

3

1.18

8

Information not available (N/A)

103

40.55

Total No. of sites

254

100

The table 5.3 shows that the land use type of the large percentage i.e., 40.55% of brownfield
is unknown as the information of some of the sites were not present in the City and the County tax
information database. As a result, the identification of brownfield sites by land use type is
problematic as nearly 40.55% have unknown land use status.
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5.12 ArcMap showing brownfield sites on the basis of selective land use types
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5.4 Data Analysis and Presentation
The map can be easily interpreted by observers but to get the detailed information about
each and every site, the user must have knowledge of ArcGIS. To overcome this limitation, a user
interface maps were created show that anyone who can access the data would be able to analyze
and interpret the results.
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Figure 5.13 ArcMap showing number of brownfield sites per unit area of census tract
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Figure 5.14 ArcMap showing total population and brownfield sites in Minneapolis
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Figure 5.15 ArcMap showing household income and brownfield sites in Minneapolis
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Figure 5.16 ArcMap showing poverty population and brownfield sites in Minneapolis
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Table 5.4. Correlations of Brownfields to Socio-economic Characteristics of Minneapolis

The correlation analysis results suggest that there is not enough evidence to claim that
presence of brownfield affects the number of people living in nearby areas or their income. As
there is no significant correlation between the number of brownfields and total income or median
income and the poverty calculated for the each census tract of Minneapolis, we cannot determine
the relationship of socio-economic variables to that of brownfields in Minneapolis.
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6. CONCLUSIONS AND RECOMMENDATIONS

From the result of the analysis performed on the location, area and land use type of the
brownfields, we can concluded that most of the brownfield sites are in the proximity to the river
and railroads as it was more convenient to establish it there and they were easily accessible by road
networks and railways. Among the brownfield sites, the higher percentage of the regulatory
sources present in the study area found were petroleum brownfields (37.79%) followed by VIC
active sites (33.46%) and leak sites (17.32%). The analysis on the basis of area showed that
majority of the brownfield sites in the study area is smaller than 0.5 acreage. The result showed
that 70.86% of total brownfields were below or equal to the area of 0.5 acres and majority are
active in status whereas the brownfields covering the area greater than 5 acres is only 4.73%.
According to the analysis performed on the basis of land use type, the data of land use type for
majority of sites were unknown as they were not available on the city or county information
database. As most of the land use were unknown in the study area, the analysis on this basis is not
very reliable. There is a need for updated information on the property tax parcels by the city and
county level. The result showed that residential area covered 23.23% of total brownfield lands,
which might be because of presence of lead based paint in the houses and buildings and the
presence of asbestos in the materials used for building houses or also the possibility of presence
of oil tank storage under the residential houses. These analysis will be helpful for the city of
Minneapolis to locate and study the updated status of each brownfield sites and any potential
investor can invest on the clean-up or redevelopment of the site with respect to its characteristics.
For the Pearson’s correlation analysis performed for the number of brownfield sites with
the socio-economic variables like total population, persons living in poverty and median income
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in each census tract within the study area, we concluded that there is not any significant correlation
between the brownfield sites and the socio-economic variables in the study area. The MPCA data
set does not contain all the features for every site in the What’s My Neighborhood application. So,
there is a need of an updated data to help improve data completeness and the quality of the results.
The redevelopment of brownfield sites in the City of Minneapolis can benefit communities
and the adjacent communities by creating employment, eliminating potential health risks,
increasing the local tax base and also reducing urban issues like urban sprawl and poverty.
Community members and brownfield planners must be aware about the site and the sensitivity of
the spaces when making decisions. For example, construction for the redevelopment on vulnerable
land in a low income neighborhood can have negative consequences which should be mitigated.
Sustainability is not limited to putting forth so called green development but development which
has direct positive long term impacts for the community and the environment. In the community,
raising awareness, implementing policies to initiate development will help to encourage less
contaminated or healthy environment.
Although the data collected and interpreted can have gaps and errors, there are many
advantages of GIS in brownfield modelling and redevelopment than any other traditional data
collection methods as GIS has the ability to integrate diverse datasets into a single comprehensive
database. The relationship between physical and socio-economic factors is helpful to explore and
evaluate different alternative planning strategies in brownfield sector.
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